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Abstract
The thiomannoside is a key intermediate in the synthesis of polymannosaccharide. But its crystallographic study has not been reported.
X-ray crystal structure analysis shows that the crystal of phenyl 2,3,4,6-tetra-O-acetyl-1-thio-a-D-mannopyranoside is in orthorhombic
system, has P212121 space group. Its unit cell dimensions are aZ9.1731(11), bZ11.574(2), and cZ21.199(3) Å, aZbZgZ90.008, ZZ4,
VZ2250.6(6) Å3, DcZ1.300 g/cm
3. The crystallographic study reveals that the thiomannoside is an a-anomer. Most interestingly, the
structure provides an evidence of existing C–H/O and C–H/S intramolecular and intermolecular hydrogen bonds.
q 2004 Elsevier B.V. All rights reserved.
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Thioglycosides are not very common in nature; only a
few simple alkyl and aryl thioglycosides have been found as
constituents of antibiotics from Streptomyces species [1–4].
In spite of their low natural abundance, thioglycosides and
their chemistry have for a long time been a field of interest
for many researchers. The first thioglycosides was syn-
thesized in 1909 [5], and their basic chemistry was early
reviewed [6,7]. But it is only recently that their excellent
glycosyl donor qualities have been recognized. Nowadays,
thioglycosides have become one of the most useful types of
donors, especially in glycosylations with oligosaccharide
donor.0166-1280/$ - see front matter q 2004 Elsevier B.V. All rights reserved.
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1 Tel.: C86 10 62784642; fax: C86 10 62781695.In this paper, we have synthesized phenyl 2,3,4,6-tetra-
O-acetyl-1-thio-a-D-mannopyranoside [8], and character-
ized it using X-ray diffraction method. The quantum
chemical calculation reveals that it is a useful glycosyl donor.2. Experimental section2.1. Compounds
Phenyl 2,3,4,6-tetra-O-acetyl-1-thio-a-D-mannopyrano-
side 2 (TASPM) was synthesized following the synthetic
procedure described in Scheme 1. 1H NMR assignment of 2
was achieved on the instruments of 500 MHz. All chemicals
and solvents were of analytical grade.2.2. General synthetic procedure
A 1.28 mmol (0.50 g) amount of penta-O-acetyl-a-D-
mannopranose 1, 0.2 ml benzenethiol (O98%) and 60 mlJournal of Molecular Structure (Theochem) 710 (2004) 201–205www.elsevier.com/locate/theochem
Scheme 1. Synthesis of TASPM.
Table 1




Color and habit Colorless prism
Crystal size (mm3) 0.1!0.3!0.4
Crystal system Orthorhombic
Space group P212121
Unit cell parameters aZ9.1731(11) Å; aZ90.008
bZ11.574(2) Å; bZ90.008
cZ21.199(3) Å; gZ90.008
VZ2250.6(6) Å3; F(000)Z928; ZZ8
Density (calcd) ( g/cm3) 1.300
Radiation (Å) lZ0.71073
Temperature (K) 295G2
Data collection range K10!h!10, K13!k!13,
K25!l!25; qmaxZ258
Reflections measured Total: 4666; unique (n): 3966;
observed [IR2s(I)]: 2777
Absorption coefficient (mmK1) 0.190
No. of variables, p 271
R1 (for all reflections) 0.0616 0.0403 (for observed data)
wR2 (for all reflections) 0.0874 0.0773 (for observed data)
GoofZS 1.019
Residual extreme in final
difference map (e ÅK3)
K0.186–0.240
X. Guo et al. / Journal of Molecular Structure (Theochem) 710 (2004) 201–205202boron trifluoride etherate were dissolved in 2 ml anhydrous
dichloromethane. After being stirred at room temperature in
30 h (reaction progress is monitored by TLC), the reaction
mixture was washed with saturated aqueous NaHCO3 and
water. The organic layer was separated, dried (anhydrous
Na2SO4), and concentrated to furnish mannopyranoside.
The crude was purified on flash column chromatography
over silica gel using eluent (1:2 EtOAc/hexane) gave 2 as
colorless oil (90% yield), and crystallized from methanol.
Transparent solid, mpZ84.7 8C. 1H NMR (500 MHz,
CDCl3, ppm): d 7.498–7.264 (m, 5H, -SPh), 5.504 (d, 1H,
C-1, J12Z1 Hz), 5.498 (m, 1H), 5.330 (t, 1H, C-4,
J3,4Z10 Hz, J4,5Z10 Hz), 5.032 (m,1H), 4.547 (ddd, 1H,
C-5, J4,5Z10 Hz, J5,6aZ6 Hz, J5,6bZ2 Hz), 4.309 (ABq,
1H, C-6a, JABZ12 Hz, J5,6aZ6 Hz), 4.108 (ABq, 1H, C-6b,
JABZ12 Hz, J5,6bZ2 Hz), 2.155–2.021 (4 s, 12H, 4 -OAc).
MS (ESI): 463 (M C Na)C.Table 2
Atomic coordinates and equivalent isotropic temperature factors (Å2)
Atoms x y z Ueq
S(1) 0.75166(10) 0.23002(7) 0.78503(4) 0.0768(2)
O(1) 0.6299(2) 0.22553(17) 0.90366(9) 0.0621(5)
O(2) 0.3317(2) 0.2837(2) 0.89454(11) 0.0789(6)
O(3) 0.1132(3) 0.2604(3) 0.93700(15) 0.1135(10)
O(4) 0.4647(2) K0.06112(19) 0.89142(11) 0.0757(6)
O(5) 0.4425(6) K0.1176(4) 0.98872(18) 0.232(3)
O(6) 0.7611(2) K0.11489(17) 0.88959(9) 0.0693(5)
O(7) 0.8509(3) K0.1424(2) 0.79261(12) 0.0865(7)
O(8) 0.8740(2) 0.08008(18) 0.94556(10) 0.0665(5)
O(9) 1.0721(2) K0.0179(2) 0.91201(11) 0.0847(7)
C(1) 0.7621(3) 0.2087(3) 0.87100(13) 0.0650(7)
C(2) 0.8256(3) 0.0877(3) 0.88106(14) 0.0633(8)
C(3) 0.7074(3) K0.0036(3) 0.87022(14) 0.0629(8)
C(4) 0.5728(3) 0.0230(3) 0.90877(15) 0.0653(8)
C(5) 0.5189(3) 0.1428(3) 0.88987(15) 0.0627(8)
C(6) 0.7108(3) 0.3794(3) 0.77911(14) 0.0704(8)
C(7) 0.5805(4) 0.4233(3) 0.80052(17) 0.0850(11)
C(8) 0.5495(5) 0.5400(3) 0.79275(18) 0.0948(12)
C(9) 0.6458(5) 0.6113(3) 0.76288(17) 0.0878(11)
C(10) 0.7739(5) 0.5675(3) 0.74086(18) 0.0960(12)
C(11) 0.8078(4) 0.4513(3) 0.74887(16) 0.0844(10)
C(12) 0.3828(3) 0.1798(3) 0.92541(16) 0.0718(9)
C(13) 0.1940(4) 0.3149(3) 0.90448(17) 0.0741(9)
C(14) 0.1556(4) 0.4243(3) 0.8714(2) 0.1059(13)
C(15) 0.4128(5) K0.1305(4) 0.9360(2) 0.1054(14)
C(16) 0.3168(4) K0.2213(3) 0.9100(2) 0.1217(16)
C(17) 0.8383(4) K0.1751(3) 0.84559(17) 0.0706(9)
C(18) 0.9005(4) K0.2823(3) 0.87293(18) 0.0949(12)
C(19) 1.0016(4) 0.0231(3) 0.95448(16) 0.0682(8)
C(20) 1.0426(4) 0.0193(3) 1.02232(15) 0.0866(11)2.3. X-ray crystallography of TASPM
Crystal suitable for an X-ray structural determination was
obtained from slow evaporation of saturated methanol
solution. The room temperature (294G1 K) single-crystal
X-ray experiment was performed on a Bruker P4 deffract-
ometer equipped with graphite monochromatized Mo Ka
radiation. Unit cell was obtained and refined by 50 well
centered reflections with 3.88!q!12.78. Data collection
was monitored by three standards every 100 reflection
collected. No decay was observed except the statistic
fluctuation in the range of G2.5%. Raw intensities were
corrected for Lorentz and polarization effects. Direct phase
determination yielded the positions of all non-hydrogen
atoms. Hydrogen atoms were generated theoretically, and
rided on their parent atoms in the final refinement. All non-
hydrogen atoms were subjected to anisotropic refinement.
The final full-matrix least-square refinement on F2
converged with R1Z0.0403 and wR2Z0.0773 for 2777
observed reflections [IR2s(I)]. The final difference electron
density map shows no features. Details of crystal parameters,
data collection and structure refinement are given in Table 1.
Data collection was controlled by XSCANS program (Bruker,
1997) [9]. Computations were performed using the SHELXTL
NT ver. 5.10 program package (Bruker, 1997) [10] on an IBM
PC 586 computer. Analytic expressions of atomic scattering
factors were employed, and anomalous dispersion correc-
tions were incorporated (International Tables for X-ray
Crystallography, 1989) [11]. Crystal drawing was produced
with XP (Bruker, 1998). The analysis of H bonds was
realized using the PLATON [12] program.
Table 3
Bond lengths (Å) and bond angles (deg)
Bond lengths
Atom–atom Å Atom–atom Å Atom–atom Å
S(1)–C(6) 1.774(3) O(6)–C(3) 1.439(3) C(6)–C(11) 1.377(4)
S(1)–C(1) 1.841(3) O(7)–C(17) 1.191(4) C(7)–C(8) 1.390(5)
O(1)–C(1) 1.410(3) O(8)–C(19) 1.357(4) C(8)–C(9) 1.364(5)
O(1)–C(5) 1.428(3) O(8)–C(2) 1.440(3) C(9)–C(10) 1.362(5)
O(2)–C(13) 1.331(4) O(9)–C(19) 1.205(4) C(10)–C(11) 1.391(5)
O(2)–C(12) 1.447(4) C(1)–C(2) 1.532(4) C(13)–C(14) 1.489(5)
O(3)–C(13) 1.192(4) C(2)–C(3) 1.531(4) C(15)–C(16) 1.477(6)
O(4)–C(15) 1.329(4) C(3)–C(4) 1.512(4) C(17)–C(18) 1.483(5)
O(4)–C(4) 1.438(4) C(4)–C(5) 1.525(4) C(19)–C(20) 1.487(4)
O(5)–C(15) 1.160(5) C(5)–C(12) 1.520(4)
O(6)–C(17) 1.363(4) C(6)–C(7) 1.375(4)
Bond angles
Atom–atom–atom deg Atom–atom–atom deg Atom–atom–atom deg
C(6)–S(1)–C(1) 102.20(14) C(4)–C(3)–C(2) 110.9(2) C(6)–C(11)–C(10) 119.8(4)
C(1)–O(1)–C(5) 114.9(2) O(4)–C(4)–C(3) 106.7(2) O(2)–C(12)–C(5) 106.0(2)
C(13)–O(2)–C(12) 117.5(3) O(4)–C(4)–C(5) 108.9(2) O(3)–C(13)–O(2) 122.5(3)
C(15)–O(4)–C(4) 118.3(3) C(3)–C(4)–C(5) 107.9(2) O(3)–C(13)–C(14) 125.1(3)
C(17)–O(6)–C(3) 116.1(2) O(1)–C(5)–C(12) 107.2(2) O(2)–C(13)–C(14) 112.4(3)
C(19)–O(8)–C(2) 115.3(2) O(1)–C(5)–C(4) 108.9(2) O(5)–C(15)n–O(4) 121.6(4)
O(1)–C(1)–C(2) 112.6(2) C(12)–C(5)–C(4) 113.1(3) O(5)–C(15)–C(16) 126.2(4)
O(1)–C(1)–S(1) 115.0(2) C(7)–C(6)–C(11) 119.5(3) O(4)–C(15)–C(16) 112.2(4)
C(2)–C(1)–S(1) 106.25(19) C(7)–C(6)–S(1) 121.4(3) O(7)–C(17)–O(6) 122.2(3)
O(8)–C(2)–C(3) 108.6(2) C(11)–C(6)–S(1) 119.0(3) O(7)–C(17)–C(18) 126.7(3)
O(8)–C(2)–C(1) 107.8(2) C(6)–C(7)–C(8) 119.9(4) O(6)–C(17)–C(18) 111.1(3)
C(3)–C(2)–C(1) 109.9(2) C(9)–C(8)–C(7) 120.6(4) O(9)–C(19)–O(8) 123.4(3)
O(6)–C(3)–C(4) 107.9(2) C(10)–C(9)–C(8) 119.5(4) O(9)–C(19)–C(20) 125.1(3)
O(6)–C(3)–C(2) 109.4(2) C(9)–C(10)–C(11) 120.7(4) O(8)–C(19)–C(20) 111.5(3)
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determination for the compound C20H24O9S is provided in
Table 1, non-hydrogen atomic coordinates and thermal
parameters in Table 2. Selected bond lengths and angles are
shown in Table 3. The summary of H-bonds existing in the
structure is listed in Table 4.2.4. Quantum chemical calculation
With the PentiumIV computer, we carried out the
quantum chemical calculation to the complex molecule at
B3LYP/6-31G* level using GAUSSIAN 98 program [13]. The
atomic coordinates used in the calculation were obtained
from the crystal structure data. 54 atoms, 502 basisTable 4
Intramolecular and intermolecular H-bonding interactions
D/H–A D–H distance (Å) H/A distance (A
C (2)–H (2A)/O (9) 0.98 2.25
C (4)–H (4B)/O (5) 0.98 2.23
C (5)–H (5B)/S (1) 0.98 2.82
C (7)–H (7A)/O (2) 0.93 2.53
C (11)–H (11B)/O (7)* 0.93 2.51
C (16)–H (16C)/O (9)** 0.96 2.51
C (20)–H (20C)/O (1)*** 0.96 2.50
* 1Kx, K1/2Cy, 1/2Kz; ** K1Cx, y, z; *** 1/2Cx, 1/2Ky, Kz.functions, 960 primitive gaussians, 116 alpha electrons
and 116 beta electrons were included to perform the
calculation.3. Results and discussion
3.1. Molecular and crystal structure
Crystal structure of TASPM shows that there are four
molecules in the unit cell. Each molecular is a thiomanno-
side, that the other four hydroxyls are protected by acetyls,
in a-conformation. The molecular structure of TASPM is








Fig. 1. ORTEP drawing of C20H24O9S with 50% probability ellipsoids,
showing the atomic numbering scheme.
Fig. 3. Intramolecular H-bonding interactions.
X. Guo et al. / Journal of Molecular Structure (Theochem) 710 (2004) 201–205204The six-member ring (C2, C3, C4, C5, O1, C1) is in the
chair conformation, and atoms C2, C3, C5, O1 are in
one plane (P1). The plane equation of P1 is K0.00665x
C0.26115yK0.96528zZK17.83808. In P1 plane, C4 is
0.7236 Å above the plane and C1 is 0.5991 Å below.
Group C6H5S which connected to C1 is below the six-
member ring and lean to O1. Atom S1 is 0.0823 Å away
from the phenyl plane (P2, K0.43228xK0.20770y
K0.87749zZK18.21905). O2, C12, C5, C4, C3, O3
are nearly in one plane (P3, K0.58585xK0.47882y
K0.65381zZK15.81408), atom C5 of the sugar ring is
the far atom from this plane, its deviation distance is
0.1004 Å. This plane form a wide back of the chair, atoms
C13, C17 and O4 are above it, they deviate from this plane
0.4896, 0.5589 and 1.2995 Å, respectively. The dihedral
angels of P1 and P2, P1 and P3, P2 and P3 are 142.72,
120.66 and 157.898 separately.
In this structure, we find that the crystal provides an
evidence of existing C–H/O [14,15] and C–H/S [16]
intramolecular and intermolecular hydrogen bonds usingFig. 2. A packing view along the a direction.the PLATON program. The intramolecular hydrogen bonds are
shown in Fig. 3, and the intermolecular hydrogen bonds are
shown in Fig. 4. As is shown in the Table 4, the shortest
intramolecular hydrogen bond binding is 2.23 Å [C(4)–
H(4B)/O(5)] and the shortest intermolecular binding isFig. 4. Intermolecular H-bonding interactions.
Table 5
Some frontier molecular orbital energies (eV), components and proportion
H-2 H-1 HOMO LUMO LC1 LC2
S1 0.33491 0.00726 0.55639 0.12933 0.05905 0.00387
C1 0.04866 0.00398 0.02219 0.18798 0.03183 0.00273
C2 0.03546 0.00079 0.01331 0.01226 0.02065 0.04606
C3 0.00239 0.00028 0.00137 0.00205 0.00536 0.05541
C4 0.02663 0.00192 0.00081 0.00223 0.00077 0.00473
C12 0.00148 0.00007 0.00054 0.00093 0.00015 0.00026
Table 6
The difference of charges between C and H in intramolecular H-bonds






K0.154309 0.175978 0.330287 2.53
C (2)–H
(2A)/O (9)
0.057385 0.211144 0.153759 2.25
C (4)–H
(4B)/O (5)
0.086810 0.195612 0.108802 2.23
X. Guo et al. / Journal of Molecular Structure (Theochem) 710 (2004) 201–205 2052.50 Å [C(20)–H(20C)/O(1), J: 1/2Cx, 1/2Ky, Kz]. For
the hydrogen bond C(5)–H(5B)/S(1), the distance of H/S
is 2.82 Å that is in the range of 2.60–2.90 Å for C–H/S
reported in Ref. [16]. The unclassical hydrogen bonds,
C–H/O and C–H/S both in the intramolecular and the
intermolecular make this crystal stable.
3.2. Brief analysis for quantum chemical calculation
According to molecular orbital theory, the frontier orbit
and nearby molecular orbits are the most important factors
to the reactivity [17,18] The highest occupied molecular
orbit (HOMO) and nearby occupied molecular orbits are
prior to donating electrons, but the lowest unoccupied
molecular orbit (LUMO) and nearby unoccupied molecular
orbits are prior to accepting electrons. The components and
high proportion (%) of frontier molecular orbits are listed in
Table 5. The components of the atom S1 is very high in the
occupied molecular orbits, the dada are 0.55639 (H),
0.00726 (H-1), 0.33491 (H-2), 0.02501 (H-3) and 0.00112
(H-4), respectively. It is clear that the group C6H5S can
easily leave with electrons. The components of the atom C1
is the highest in the unoccupied molecular orbits, the dada
are 0.18491 (L), 0.02683 (LC1), 0.00610 (LC2), 0.00006
(LC3) and 0.00043 (LC4), respectively. It demonstrates
that C1 in this thiomannoside would easily be nuclear
substituted.
From the difference of charges between C atom and H
atom in C–H/O in the intramolecular H-bonds (Table 6),it can be concluded that, the larger the absolute value is, the
longer the length of H/O bond can easily be nuclear
substituted. Therefore, thiomannoside is a useful glycosida-
tion donor.4. Conclusion
We have synthesized a thiomannoside protected by
acetyls. X-ray diffraction method and NMR spectrum reveal
that it is in a-conformation according with the anomeric
effect of mannose. The quantum chemical calculation of it
proves that the C1 in thiomannoside is a good glycosyl site
and the thioglycosides is an excellent glycosyl donor.Acknowledgements
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